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INTRODUCTION

As part of a broad program on the utilizaticn of polymerizable monomers
prepared from animal fats (1 7)., vinyl stearate has been copolymerized with
monomers whose homopolymers normally require plasticization in the expecta-
tion of obtaining modified polymers in which the softening agent is inte-
grally bound (internal plasticization). It was expected that in some
respects internally plasticized copolymers would be superior to resins
plasticized in the usual way in that the "plasticizer" cannot migrate or
evaporate.

Since vinyl stearate can be prepared from low-cost stearic acid and
acetylene, (12-15 cents and 12 cents per pound, respectively) in more than
90 per cent yield by a simple process, a low price for this monomer may be
expected if a large market develops. To determine what useful products can
be prepared from vinyl stearate and to aid .in estimating the volume of vinyl
stearate that such products might require, various copolymers of vinyl
stearate and commercially available monomers have been prepared, and their
general physical properties have been measured. This report describes the
preparation and physical properties of copolymers of vinyl chloride contain-
ing from about 10 to 45 weight per cent of vinyl stearate.

MONOMERS

Vinyl stearate was prepared by vinylation of stearic acid with acety-
lene in the presence of & zinc stearate catalyst at 165° C. and 200 p.s.i.8.
A commercial grade of stearic acid that assayed at least 95 per cent stearic
acid and contained less than 1 per cent unsaturates was used. The vinyl
stearate met the following specifications: melting point, 34° C. minimum;
refractive index, n%o 1.4419 mimimum to 1.4425 maximum; when heated for 4
hours in a nitrogen atmosphere at .70t 20 C. in the presence of 0.25 weight

/1 THis 1s Paper VIII 1IN THE SERIES °‘POLYMERIZABLE DERIVATIVES OF LONG-

G

CHAIN FATTY AciDS’. PAPER VIl 1S REFERENCE 7.



per cent of benzoyl peroxide, it yielded a polymer having a minimum refrac-
tive index, 385 1.4540.

From a practical point of view, the important specification for the
stearic acid is its low content of unsaturates. Other work with copolymers
from the vinyl esters of a variety of saturated acids and vinyl chloride
indicated that copolymers with properties similar to those given in this
report can be obtained from commercial mixtures of palmitic and stearic
acids having a similar low content of unsaturates. In the present work, a
relatively pure vinyl stearate was used to reduce the number of variables.

Vinyl chloride was obtained in cylinders from commercial sources and
was fiash distilled to separate it from inhibitors. The standard of purity
was based on this polymerizability test: a minimum of 90 per cent is
polymerized by the suspension method (one part of vinyl chloride to two
parts of 1 per cent Aerosol OT?2 solution) in 48 hours at 50° C. with 0.15
per cent benzoyl peroxide as the initiator.

PREPARATION OF THE COPOLYMERS

Suspension (also known as bead or pearl) and emulsion polymerization
techniques are the principal methods used in commercial practice. Therefore
these methods were used in the present work. The copolymers on which the
physical properties were measured were prepared by the recipes given below,
Other recipes can undoubtedly be developed, but the properties of the
copolymers obtained may differ in some respects.,

Suspension Polymerization

The following general recipe was used:
Monomer mixture, grams 200

Aerosol 0T2 or polyvinyl

alcohol solution (1 per cent), ml. 400
Benzoyl peroxide, mole per cent 0.039
Temperature, °C. 50 + 30
Reaction time, hours 48

Yield, per cent Approx. 90

Table 1 lists the specific monomer mixtures, the weights of initiator
used, and the vinyl stearate content of the copolymers obtained. A con-
venient laboratory.container for the polymerizations is a heavy- walled,
crown-capped bottle (for example, a 32-ounce soft drink bottle).
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When the time allotted for the reastion had elapsed, the excess vinyl
chloride was allowed to evaporate. Any emulsion present was brokea by the
addition of salt, and the copolymer was separated and washed fr. of dis-
persant. Any unused vinyl stearate was extracted wxth beiling me .hancl, and
the copolymer was dried. (The extraction step is probably unnezcsc=7y when
the conversion is high.) :

TABLE |. - VINYL CHLORIVE - VINYL STEARATE COPOLYMERS PKEPARED IN SUSPENSION

mMenomer mixture Initiator Copolymer
Vinyl stearate Vinyl chloride Benzoyl peroxide Vinyl stearate

grams arams grams per cent

22.6 177.4 0.276 9.7

41 5 158.5 0.253 180

71.2 128.8 0.216 32.7

93.5 106.5 0 191 41,7

The number average degree of polymerization of the copolymers prepared
by the suspension technique was about 500:

Emulsion Polymerization

The following general recipe was used to prepare emulsion copolymers:

Monomer mixture. grams 200
Tergitol Penetrant 4% (100% basis), grams 10
Water, grams 390
Potassium persulfate, mole per cent 0.039
Temperature; ° C. 500 + 1°
Reaction time. hours 24
Yield, per cent 95-97

Table 2 lists the specific monomer mixtures. the weights of initiator
used, and the amount of salt required to give a stable latex in the prepara-
tion of copolymers of the compositions shown.



TABLE 2. - VINYL CHLORIDE - VINYL STEARATE COPOLYMERS PREPARED IN EMULSION

Monouier mixture Salt Initiator gopolymer
Vinyl Vinyl Sodium Potassium Vinyl.
stearate cnloride chloride persulfate stearate
grams grams grams grams per cent
22.6 177.4 1 0.308 11.5
40.4 159. 6 2 0.282 19. 1
71.6 128.4 4 0. 242 35,7
93.5 106.5 4 0.212 45.2

The salt content of the emulsifier solution has a critical effect on
the stability of the emulsion formed, but some slight variation is permissi-
ble and probably depends on the (unknown) salt concentration of the commer-
cial emulsifier solution. In some cases, a higher emulsifier content (e.g.,
5 per cent) without additional salt also gave a stable latex.

The copolymers were recovered by freezing the latex and remelting the
mixture. The products so obtained were easily filtered and washed free of
emulsifier, in contrast with copolymers obtained by salt precipitation
techniques. Any unused vinyl stearate was extracted with boiling methanol.

The number average degree of polymerization of copolymers prepared in
emulsion was about 800.

PHYSICAL PROPERTIES

The copolymers are white, free-flowing fine powders or small white
beads. Their solubility in the common organic solvents increases as the
vinyl stearate content increases. Thus, whereas copolymers containing about
10 per cent vinyl stearate are soluble only in tetrahydrofuran and to a
limited extent in ethylene chloride, methyl ethyl ketone, and methyl iso-
butyl ketone, copolymers containing 30 to 40 per cent vinyl stearate are
readily soluble in these solvents and also in benzene. xylene, chloroben-
zene, and chloroform. A 2C per cent solution of a copolymer containing
about 30 per cent vinyl stearate can be prepared in equal parts of benzene
and acetone. The copolymers are insoluble in alcohols and in straight chain
aliphatic hydrocarbons.

Copolymers containing from 10 to 35 per cent vinyl stearate are not
attacked by 1 per cent aqueous sodium hydroxide, 50 per cent aqueous ethanol
and 3 and 30 per cent aqueous sulfuric acid in 11 days (8). A copolymer
containing about 35 per cent vinyl stearate shows a 39 per cent increase in
weight when immersed in cottonseed oil, but the copolymer containing only
10 per cent is not attacked.



Table 3 lists some of the thermal. tensile (9), and flexural properties
of the copolymers prepared. It may be seen that as the vinyl stearate
content increases, the tensile strength and the modulus of elasticity
decrease and the per cent elongation increases. This resembles the changes
observed with increasing external plasticizer content, but the shape of the
stress-strain curve 1is different. The difference between the curves may be
seen in Figure I in which "Tensilgrams" obtained on a Scott I.P.-4 tester
are reproduced (without correction for the slight differences in specimen
thickness). In the "Tensilgrams" for the vinyl stearate copolymers (curves
3-6), there is an initial high modulus, which is present even in the compo-
sitions that contain more than 40 per cent vinyl stearate (curves 5 and 6).
This high initial modulus is observed in incompletely plasticized stocks
(curve 2), but not in well-plasticized compositions (curve 1). The copoly-
mers prepared in emulsion {curves 4 and 6) more nearly approximate exter-
nally plasticized stocks (curve 1) than do +he copolymers prepared in

suspension.

Figure II shows that similar differences appear in creep measurements
(10). A commercial ctock (VYDR) plasticized with 35 per cent tricresyl
phosphate (curve 1) shows an ;nitial high response to deformation, with
1ittle further. long-time creep. ‘The copolymers»df vinyl chloride and vinyl
stearate that contain approximately 35 per cent vinyl stearate (curves 2 and
3) show a lower initial response but a greater long-time creep. A differ-
ence in creep behavior between copolymers prepared in emulsion (curve 2) and
those prepared in suspension (curve 3) is also shown. The copolymer pre-
pared in emulsion shows a slightly better initial response and less long-
time creep. The copolymer containing 41 per cent vinyl stearate (curve 4)
shows a high initial response and high long-time Creep. Within the limits
of the time of measurement and the stress imposed, there is complete dimen-
‘sional recovery upon removal of the stress.

In studies on the effect of temperature on creep behavior (copolymer
composition kept constant), the rate of change of creep with time increased
with temperature, whereas in stocks externally plasticized with 256 or 35
per cent dioctyl phthalate or 35 per cent tricresyl phosphate, the slopes of
the creep curves remained nearly constaht. With 25 per cent tricresyl
phosphate, however, a similar increase of slope with temperature was ob-
served.

The magnitude of the thermal properties also decreases with increasing
vinyl stearate content (Table 3). Of particular interest in fabrication is
the lower milling temperatureo In addition, a study of the change of bulk
viscosity with temperature in which the parallel plate plastometer (11) was
used revealed a smaller change in viscosity with temperature than was found
with polyvinyl chloride plasticized with tricresyl phosphate or dioctyl
phthalate. This characteristic is desirable in -extrusion, calendering and
similar operations when it is undesirable to have the fabricated article set

rapidly-



In ultraviolet light stability tests. copolymers of vinyl chioriae
containing about 35 per cent vinyl stearate but with no stabilizer present
did not darken until 70 hours of exposure; when a lead stabilizer was
present, samples did not darken even after 90 hours. Commercial samples of
plasticized polyvinyl chloride containing a lead stabilizer darkened con-
siderably after 46 hours, with exudation of plasticizer.

The flexural strength and stiffness (12) also decrease with increasing
vinyl stearate content. The similarity to externally plasticized stocks
exists here, too, The copolymers prepared in emulsion show greater flexural
stiffness at low temperature (39° F.) and decreased stiffness at room
temperature (73° F.) than dc the suspension copolymers. Qualitatively, it
has been found that the emulsion copolymers show better recovery from
extensicn. In studies of copolymers of vinyl chloride with cther vinyl
esters, it was found that copclymers of vinyl chloride with vinyl esters of
fatty acids containing less than about twelve carbon atcms dc not have
desirable flexibility properties,

MOD IF ICATION OF COPOLYMERS

Plasticization and Blending

Flexible films can be prepared from copolymers containing 10 per cent
vinyl stearate by plasticizing them with conventional plasticizers, such as
dioctyl phthalate. cor with less expensive plasticizers readily prepared from
fats with which these copolymers. unlike pclyvinyl chloride, are compatible.
On the other hand. copolymers ccntaining above about 30 per cent vinyl
stearate form flexible films without addition of plasticizer.

Commercial pclyvinyl chloride resins and vinyl chloride-vinyl stearate
copolymers are compatible. The blends have lower tensile strength and
stiffness and higher elongation than do copolymers with comparable vinyl
stearate contents. Elastomers prepared from butadiene-acrylonitrile,
butadiene--styrene, or acrylonitrile-butyl acrylate blend with copolymers of
vinyl chloride-vinyl stearate. For example, a blend of 25 parts of a
butadiene-acrylonitrile rubber and 100 parts of a vinyl chloride copolymer
containing 32 per cent vinyl stearate gave a flexible film having a temsile
strength of 1720 pounds per square inch, a 100 per cent modulus of 1020
pounds per square inch and an elongation of 330 per cent.

Cure and Reinforcement

Polyfunctional amines and polyfunctional amines plus sulfur can be used
to cure copolymers of vinyl chloride and vinyl stearate at 300° F. to
infusible, insoluble products. The cured copolymers can be released from
the mold without cooling. Carbon black or silica fillers may be used 'to
reinforce the cured or uncured copolymers, Table 4 shows the change in
tensile properties with cure and loading for two copolymers. Although
polyvinyl chloride and its copolymers with vinyl acetate can be similarly
cured, the copolymers of vinyl chloride with vinyl stearate have the advan-
tage of being millable at a temperature at which the rate of cure is negli-
gible, and they can then be cured at a higher temperature.
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Figure 1. Tensile properties of copolymers of vinyl chloride and vinyl stearate.
KEY

1. Geon 101, 35 percent dioctyl phthalate. 2. Vinylite VYDR,
20 percent dioctyl phthalate. 3. Suspension copolymer, 32.3
percent vinyl stearate. 4. Emulsion copolymer, 35.6 percent
vinyl stearate. 5. Suspension copolymer, 41.2 percent vinyl
stearate. 6. Emulsion copolymer, 46.3 percent vinyl stearate.
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Figure 2.. Creep behavior of copolymers of vinyl chloride and vinyl stearate.

KEY
l. Vinylite VYDR, 35 percent tricresyl phosphate, 30° C.

2. Emulsion copolymer, 34.8 percent vinyl stearate, 31° C.
3. Suspension copolymer, 33.6 percent vinyl stearate 31° C.
4. Suspension copolymer, 41.2 percent vinyl stearate, 31° C.



SUGGESTEL USES

The copolymers fall into two general categories. Copolymers that
contain about 10 to 20 per cent of vinyl stearate are essentially rigid
plastics. They appear to offer advantages for uses in which a low milling
temperature and a low viscosity temperature coefficient are preferred.
Suggested applications are plastic tubes. pipes, and other extruded forms,
sheets for structural purposes. such as floor covering and wallboard, and
specialty uses, such as phonograph records and toys.

Copclymers that contain about 30 tc 45 per cent vinyl stearate resemble
polyvinyl chloride resins that have been plasticized externally with about
25 to 35 per cent plasticizer. These ccopolymers should be cf particular
advantage where plasticizer loss by migration. extraction or evaporation
must be avoided or where eliminaticn of plasticizer odcr is desirable,
Applications that suggest themselves are coatings for wire. including
protective sheathing for coaxial cable. protective coverings for varnished
surfaces., fabric coatings., especially thcse subjected to repeated wiping or
washing, such as automobile seat covers and table covers. and .materials for
food packaging. In uses where flexible pclyvinyl chlor-:ze resins must be
bonded to metals or other surfaces. the plasticizer may migrate to the
adhesive and cause failure. Use of vinyl stearate-modified copolymers
should avoid this difficulty.

Vinyl chlcride-~vinyl stearate copolymers to which plasticizers have
been added may find use as flexible films or in plastisocl compecsitions.
Cured copolymers may find uses where an insoluble but flexible shape or
coating is desired.

Acknowledgment: The authors thank N. L. Watkins and H. C. Fromuth for
obtaining some of the physical data. The authors are also grateful to Waldo
C. Ault for encouragement and advice throughout this study.

SUMMARY

Copolymers of vinyl chloride that contain approximately 10 to 45 per
cent vinyl stearate were prepared in suspension and in emulsicn, and the
tensile. flexural, viscosity, and low temperature properties were measured.
The copolymers can be divided into two classes, rigid (low vinyl stearate
content) and internally plasticized or flexible (high vinyl stearate con-
tent).

The copolymers can be cured with polyamines to infusible and insoluble
materials. The copolymers having high vinyl stearate contents retain much
of their flexibility after cure. Addition of carbon black or silica pro-
duces a reinforced plastic that can.also be cured.
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